Background Whereas the association between education and health in later life is well described, investigations about the underlying mechanisms of these health inequalities are scarce. This study examines the relative contribution of material, behavioral and psychosocial factors to health inequalities in older Germans.
Introduction
Against the background of rapid population aging in Europe and as older people constitute the vast majority of those with health problems in developed countries, understanding the determinants of health in old age has become one major concern of policy-makers. One such determinant is a person's educational attainment and numerous studies have documented an educational gradient in health: the higher the educational level, the lower the risk of long-standing illness, functional limitations, low self-rated health (SRH) and mortality. [1] [2] [3] These health inequalities are even present in the oldest old although it is less clear if and how these relationships change during the aging process as compared to middle adulthood. 2, 4 Several studies have identified material, behavioral and psychosocial factors as key pathways for explaining health inequalities. 5 The materialist explanation underlines the importance of financial resources, working and housing conditions or access to goods, services and healthcare. 6, 7 The behavioral explanation claims that health inequalities result from the higher prevalence of smoking, excessive alcohol consumption, physical inactivity and inadequate nutrition in lower educational groups. 1 Psychosocial explanations stress the unequal distribution of risk factors such as a lack of social support and social participation or insufficient control beliefs which affect health through various pathways.
influence on health (direct effect), while also being interrelated and working through one another (indirect effect) ( Fig. 1 , modified after Moor et al. 5 ). Material factors affect health indirectly through psychosocial factors, e.g. when the lack of financial resources leads to social exclusion which in turn has a negative impact on health. Furthermore, material factors work indirectly through behavioral factors, e.g. in the case of an unhealthy nutrition as paying for high quality foods cannot be afforded. 8 Psychosocial factors exert an indirect effect through health behaviors, e.g. when smoking or overeating are applied to cope with psychosocial stressors. 8 Therefore, the relevance of single explanatory approaches might be overestimated when only one pathway is taken into account. 5 Most previous studies on the underlying mechanisms of educational inequalities in health are based on study samples including the population of working age only, whereas studies on the older population are scarce. The existing studies argue for the importance of material living conditions as they are widely working through behavioral and psychosocial factors. [10] [11] [12] [13] [14] According to a recent literature review, 5 no study has analyzed the relative contribution of material, behavioral and psychosocial factors to educational inequalities in SRH in the older population. Thus, the aim of this study was to examine contribution of these explanatory pathways to the association between education and SRH in old age.
Method Study population
The data were drawn from the fifth wave of the Survey of Health, Ageing and Retirement in Europe (SHARE), a multidisciplinary panel study on the living conditions of people aged 50+. The data are collected in computer-assisted personal interviews supplemented by self-completion questionnaires. A detailed description of the survey methodology can be found elsewhere. 15 For this study, the German sample aged 60-85 years was selected. In contrast to the 'oldest old' (age 85+), people of this age group are often characterized by a relatively good health status and cognitive abilities. 16 We limited our analysis to only one country as previous research has shown that, besides individual characteristics, there are also macro-level influences on health inequalities, 17, 18 which speaks against examining the pooled sample of all participating countries. Germany with its conservative welfare state in which the living conditions in old age are strongly influenced by resources from prior life stages (such as education) offers an interesting opportunity for studying health inequalities in old age.
For some variables relevant for our analysis (material deprivation, access to healthcare and social capital), the number of missing values was much higher than for others. We ran the analysis with missing data excluded which eliminated nearly 300 cases (in addition to the n = 152 with missing values on the other variables). Additionally, we ran the analysis with a dataset in which missing values were replaced by the mean score of the sample. As there were only small differences in the size of coefficient estimates and their statistical significance, we decided to rely on the dataset which maintains cases with missing values and therefore provides a less biased sample. Participants with missing values on the other variables (n = 152) and with a BMI lower than 18 (n = 22) were excluded, so that an analytic sample of 3246 participants resulted.
Variables Education and health
Education was measured by the highest educational level using the International Standard Classification of Educational e236 JOURNAL OF PUBLIC HEALTH Degrees (ISCED-97). 19 Participants were categorized into three groups: 'low education' (ISCED-97-levels 0-2: preprimary, primary and lower secondary education), 'medium education' (ISCED-97-levels 3-4: upper and post-secondary education) and 'high education' (ISCED-97-levels 5-6: tertiary education). 20, 21 SRH was chosen as indicator of health as it is a strong predictor for morbidity and mortality that is widely used in public health research. 22, 23 SRH was assessed by asking 'Would you say your health is…excellent/very good/ good/fair/poor'. A binary variable was coded into 'good health' (good or better) versus 'poor health' (fair/ poor). 10, 20 Material, behavioral and psychosocial factors
We did a literature-based selection of explanatory variables and covered a large number of variables that have been examined previously. The material factors were house ownership, 14, 24 financial situation, material deprivation, access to healthcare and type of health insurance. 14, 25 Behavioral factors were smoking habits, 1 alcohol consumption, 26 moderate or vigorous physical activity 27, 28 and body mass index (BMI) as a proxy of the quantity and quality of food intake. 24, 29 Psychosocial factors were civil status, 25, 30 parenthood, 10 social participation, control beliefs and social capital. See Table 1 for the operationalization and coding of the variables. 
Statistical analysis
We estimated logistic regression models using the highest educational group as the reference category. In accordance with previous studies, a mediator analysis was performed to investigate the relative contribution of material, behavioral and psychosocial factors to the association between education and SRH. 13, 14, 31 Only those variables were selected for mediator analysis which (i) had a negative and significant association with education (bivariate analysis, χ 2 -test) and (ii) were significantly associated with SRH (logistic regression controlled for sex, age, employment status and chronic diseases). 10, 14, 31 Several models were estimated to calculate the contribution of the different explanatory pathways. The baseline model (Model 1) included educational status and control variables (sex, age, employment status and chronic diseases). Afterwards, we separately added material factors, behavioral factors and psychosocial factors (Models 2-4). The reduction of the effect size of the coefficient estimates for educational status was interpreted as the effect of education that is mediated by the variable group included. Furthermore, we adjusted the baseline model for several combinations of two groups of variables (Models 5-7). By comparing the models with two groups of variables with the corresponding models with each one group of explanatory factors we distinguished between the independent and indirect effects. For a detailed description of the calculation method, see Table 3 . Finally, we included all variables simultaneously to estimate their total contribution (Model 8). 10, 13, 14 For each model, we calculated the relative contribution to the association between education and SRH by: ((β (Model 1) -β (Model 2 -8 )/ β (Model 1) ) × 100). Although interrelations between variables were found, there was no serious problem of multicollinearity (mean variance inflation factor < 3.1).
Analyses were performed with Stata V.13 (StatCorp, Texas, USA) using the decomposition method of Karlson, Holm and Breen (KHB) which allows a comparison of regression coefficients between same-sample nested non-linear models. 32 In contrast to linear models, changes in regression coefficients in logit models cannot readily be attributed to the effect of including mediator variables as parameter rescaling by itself tends to increase the regression coefficients. 32, 33 The KHB-method corrects for the issue of parameter rescaling and provides an unbiased decomposition of the total effect into direct and indirect effects. Additionally, we use beta-coefficients as odds ratios (OR) are not symmetric on a linear scale which results in a biased interpretation of the relative contribution of mediator variables.
As we use cross-sectional data, it is not possible to determine the direction of causation between education, mediator variables and SRH. When the terms 'effect' or 'explain' are used in the upcoming sections, they should be understood in a statistical sense rather than in a causal relationship sense.
Results
Inequalities in SRH were found with a higher risk of reporting poor health with an OR of 2.06 (95% CI = 1.71-2.48) in the middle educational group and an OR of 3.44 (95% CI = 2.63-4.50) in the low educational group as compared to the highly educated when controlling for sex, age, employment status and chronic diseases (descriptive statistics of the study sample in Supplementary online file).
After the first step of variable selection (χ 2 test), all material factors and most of the behavioral factors remained for further analysis. Only alcohol consumption was excluded as there was an inverse social gradient (excessive alcohol consumption was less common in the middle and low educational group). Of the psychosocial factors, parenthood and social capital were excluded as they were not significantly associated with education. After the second step of variable selection (logistic regression), all of the remaining factors except of a BMI 25 <30 were included in the mediator analysis as they were significantly associated with SRH (results of variable selection in Supplementary online file). Table 2 shows the results of the mediator analysis. In the separate analyses (Models 2-4), the contribution of material factors was the highest (middle educational group: 18%, low educational group: 23%), followed by behavioral factors (middle educational group: 13%, low educational group: 19%) and psychosocial factors (middle educational group: 12%, low educational group: 17%). All pathways together (Model 8) contributed by 31% to the association between education and SRH in the middle educational group, with material factors (12%) being slightly more important than behavioral factors (9%) and psychosocial factors (9%). In the low educational group the three explanatory pathways together contributed by 42% to the association between education and SRH with material factors being most important (16%), followed by behavioral factors (14%) and psychosocial factors (13%). The most relevant variables were financial problems, type of health insurance (especially in the low educational group), low social participation, insufficient control beliefs, lacking physical activity and a BMI ≥ 30.
By comparing the models with two groups of variables with the models with each one group of explanatory factors it became obvious that the independent contribution of material factors was higher than that of behavioral and psychosocial factors.
When adjusting for material and psychosocial factors simultaneously (Model 5), the independent effect of psychosocial factors net of material factors contributed by 6% in the middle educational group and by 9% in the low educational group whereas the independent effect of material factors was higher (middle educational group: 12%, low educational group: 15%). Furthermore, material factors were working through psychosocial factors with an indirect contribution of 6% in the middle educational group and 8% in the low educational group.
When comparing the relative contribution of behavioral and psychosocial factors (Model 6), the independent effect of psychosocial factors net of behavioral amounted to 9% in the middle educational group and to 12% in the low educational group. Additionally, psychosocial factors had an indirect effect through behavioral factors (middle educational group: 4%, low educational group: 5%). The independent effect of behavioral factors was comparable to the independent effect of psychosocial factors (middle educational group: 9%, low educational group: 13%).
When material and behavioral factors were included simultaneously (Model 7), the independent effect of material factors amounted to 14% in the middle educational group and to 17% in the low educational group. Additionally, material factors were indirectly working through health behaviors with an additional effect of 4% in the middle educational group and 6% in the low educational group. The independent effect of behavioral factors net of material factors amounted to 9% in the middle educational group and 13% in the low educational group (Table 3) .
Discussion Main findings
The three explanatory pathways together contributed by 31% to the association between education and SRH in the middle educational group and by 42% in the low educational group. The higher contribution in the low educational group is due to the higher prevalence of health risks which hints at the fact that there are health risks especially relevant in the middle educational group that we did not consider. Our analysis revealed that material factors were the most important as they exerted the largest independent effect and as they were additionally working indirectly through behavioral and psychosocial factors. The independent contribution of behavioral and psychosocial factors was much lower than suggested by the separate analyses.
We conclude that material factors are of major importance for explaining health inequalities as they most adequately reflect the life situation of the socially disadvantaged. In old age, the available material resources reflect to a certain extend the accumulation of (dis-)advantage over the life course so that their contribution to health inequalities is of particular relevance. 34 Interventions for the reduction of health inequalities in old age should thus focus on improving material living conditions. Such interventions should focus on all age groups as living conditions from prior life stages are important determinants of health in later life. [35] [36] [37] What is already known on this topic??
Studies with the population of working age have identified material, behavioral and psychosocial factors as key pathways for explaining health inequalities. According to a recent literature review, 5 there are few studies that examine the contribution of all of the three explanatory pathways to the association between education and SRH. All of the existing studies focus on the population of working age and they highlight the importance of material factors as they are also working through behavioral and psychosocial factors. 11, 12 The results are similar with regard to educational inequalities in other health indicators such as mortality 14 or chronic diseases.
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What does this study add?
This study is the first that provides insights in the underlying mechanisms of educational inequalities in SRH in old age by including material, behavioral and psychosocial factors. In general, our results are consistent with studies on the population of working age which show that material factors are the most important in the association between education and SRH due to their relatively large independent effect and their indirect effect through behavioral and psychosocial factors. 10, 11 However, the relative contribution of the explanatory pathways differs between the studies which is probably due to the amount of variables included to represent one explanatory pathway. 5 Furthermore, study results might depend on the age group under study as the relevance of single variables could differ between people in middle adulthood as compared to The existing studies on the underlying mechanisms of educational inequalities in health with a special focus on the older population are of limited comparability due to differences in the statistical methods, health indicators and the included explanatory pathways. Studies that take into account material, behavioral and psychosocial factors rely on other health indicators than SRH and other measures of social inequality than education. For instance, Ploubidis et al. 25 showed that material and behavioral factors are most important in explaining socioeconomic inequalities (measured by an index of occupation, education, income and wealth) in somatic health, depression and well-being, whereas psychosocial factors exert most of their influence on depression and well-being. In contrast, Stolz et al. 38 showed that the impact of income and poverty on frailty was mediated by material and especially by psychosocial factors, whereas the contribution of behavioral factors was only marginal. Thus, further investigations should examine if the contribution of material, behavioral and psychosocial pathways to health inequalities in old age differs depending on the indicators of health and social inequality under study. It might be reasonable that the importance of psychosocial variables is higher in mental health problems, whereas material and behavioral factors might be more relevant for inequalities in somatic health. Furthermore, different national contexts and age groups should be taken into account as the relevance of health influences might differ between countries and life stages.
Limitations of this study
First, this study has a cross-sectional design so that no causal conclusions can be drawn. Unfortunately, several of our explanatory variables were not available in prior study waves so that we could not rely on longitudinal data. Second, we did not consider lifetime exposure to health relevant factors, although health in later life is related to living conditions in earlier adulthood 37 and even childhood. 35, 36 Besides influences from prior life stages, there may be health risks especially relevant for the old aged such as care-giving for relatives or an inadequate intake of prescribed drugs. Such age-specific health influences are neither theoretically conceptualized nor empirically examined in health inequalities research, so that further studies are needed. Third, several studies have shown that the relevance of certain determinants for SRH differs between women and men 39, 40 but due to small sample sizes separate analyses for women and men were not possible.
Supplementary data
Supplementary data are available at the Journal of Public Health online.
